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Pro tec t i on  Branch Report o f  Test No. 13-68 
Surv iva l  o f  Microorganisms on ered *Stainless Steel 
F a l l o u t  During a 2* Year Study 
I n i t i a l l y  Contaminated by M i ng  and by A e r i a l  
As p a r t  o f  t h e  o v e r a l l  nves t i ga t i on  o f  spacecraft s t e r i l i z a t  on, 
t h i s  study was undertaken t o  determine the death r a t e  o f  n a t u r a l l y  
accumulated microorganisms on s t a i n l e s s  s t e e l  s t r i p s ,  The p r o b a b i l i t y  
of s t e r ' i l i z i n g  a spacecraft by any method i s  enhanced when the  i h i t i a l  
m ic rob ia l  contamination i s  minimal, I t  was f i r s t  observed in: t h i s  labo- 
r a t o r y  ( 1 )  t h a t  fa1  l o u t  and accumulat ion ,of a i rborne  microorganisms on 
s ta in less  s tee l  surfaces r a p i d l y  reached a l eve l  t h a t  d i d  not  increase 
s i g n i f i c a n t l y  therea f te r ,  even d u r i n g  a long exposure per iod.  I n  s tud ies -  
conducted i n  clean rooms (2$3,4), t h i s  ' 'plateau" phenomenon was a l s o  
shown t o  occur but  a t  a lower l eve l  than t h a t  i n  adjacent areas, The 
"'glate'au" l eve l  i s  a func t i on  of  the  amount o f  a i rbo rne  contamination 
i n  the  area. Thus, i f  a sbacecraf t  i s  const ructed and assembled' i n  a 
c lean room, the  l eve l  of contamination c o l l e c t i n g  on it from a e r i a l  f a l l -  
out w i l l  be less. 
The "plateau" phenomenon ind ica tes  t h a t  s ince there  i s  a cont inua l  
accumulation of microorganisms on a sur face from a e r i a l  " f a l l ou t " ,  there  
must be an equiva lent  ' 'die-off" rate, thus, t h e o r e t i c a l l y ,  i f  the contami- 
nated sur face was covered to  prevent a d d i t i o n a l  contamination, s t e r i l i t y  
would r e s u l t  i n  time. Favero e t  a l .  (5.) determined the "d ie -o f f "  r a t e  
f o r  organisms on s t a i n l e s s  s tee l ,  accumulated from natura l  "fa1 l -ou t "  
and from handling. Three weeke a f t e r  covering, they found a reduct ion o f  
50% i n  v i a b l e  organisms accumulated from f a l l o u t  and 90% i n  v i a b l e  c e l l s  
deposited by handling, The extens ive study repor ted here shows the  r a t e  
o f  decrease ov v i a b l e  microorganisms on s ta in less  s tee l  s t r i p s  i n i t i a l l y  
contaminated by handl ing and by a e r i a l  f a l l o u t  and then recovered and 
s tored f o r  2'weeks t o  25 years. 
MATERIALS AND METHODS 
To minimize seasonal va r ia t i on ,  the  s i x  t e s t s  i n  t h i s  study were 
staggered a t  i n t e r v a l s  over a 4-month per iod.  A t o t a l  o f  480 s t e r i l e  
s ta in less  s tee l  s t r i p s  ( 1  x 2 inches) were contaminated, 80 f o r  each t e s t .  
F i r s t  a t r a y  of 40 s t r i p s ,  placed on a she l f  i n  the laboratory, were ex- 
posed t o  a e r i a l  f a l l o u t  f o r  22 days. Then the  o ther  40 s t e r i l e  s t r i p s  
were each we l l - f i nge red  f o r  a - few  seconds by f i v e  persons. F i v e  s t r i p s  
contaminated by a e r i a l  f a l l o u t  and f i v e  by hand l ing  were then assayed t o  
ob ta in  the  i n i t i a l  cpntamination l e v e l .  e remainder o f  the 80 s t r i p s  
were placed i n  s t e r i l e  p e t r i  dishes and s rd  from 2 weeks 
t o  about 23 years before being assayed. By stagger ing the  i n t e r v a l s  f o r  
assaying the  s t r i ps ,  t h e  per iods of storage were the  same f o r  a l l  t es ts ,  
The f i n a l  assay, however, was no t  s i m i l a r l y  staggered because a f t e r  such 
an extended storage per iod  the  d i f f e rences  i n  t h e  length  o f  storage among 
the  t e s t s  seemed n e g l i g i b l e ,  The f l n a l  storage per iod  va r ied  from 129 t o  
143 weeks. 
The remaining v i a b l e  mic rob ia l  popu la t ion  on t he  s tee l  a f t e r  each 
storage per iod  was determined f o r  f i v e  s t r i p s  contaminated by a e r i a l  
f a l l o u t  and f o r  f i v e  contaminated by handling. 
i n  a b o t t l e  conta in ing  SO m l  o f  0.05% Tween 20 s o l u t i o n  and shaken me- 
chan ica l l y  f o r  f i v e  minutes. Them 25 m l  ($ o f  t he  sample) were placed - 
i n  p e t r i  dishes and pour p la tes  prepared wi th  t r yp tose  agar. P la te  counts 
were made a f t e r  72 hours incubat ion a t  98 F, For the f i n a l  storage 
period' (129 t o  143 weeks), t he  e n t i r e  50 m l  sample and the  s t r i p  were 
placed i n  p e t r i  dishes and then pour p la tes  prepared i n  order  t o  sub- 
s t a n t i a t e  a s t e r i l e  sample, 
A s tee l  s t r i p  was placed 
RESULTS AND DISCUSSION 
The number o f  microorganisms r e m  red from 30 s ta in less  s tee l  s t r i p s  
contaminated by handl ing o r  a e r i a l  fa1 t , - i s  g iven f o r  each storage pe r iod  
i n  Table I. The 30 s tee l  s t r i p s  represent the  t o t a l  number o f  s t r i p s  used 
f o r  t he  s i x  t e s t s  f o r  one storage per iod.  The t o t a l  ra ther  than the  aver- 
age recovery o f  s i x  t e s t s  per  storage per iod  i s  g iven  because i t  seemed 
more meaningful to express the  da ta  i n  whole numbers ra ther  than f r a c t i o n s .  
The s t r i p s  were not  un i fo rmly  contaminated i n i t i a l l y  by e i t h e r  method. 
Wi th the maximum recoveries of on ly  a few hundred microorganisms per s t r i p ,  
the  v a r i a t i o n  among the  s t r i p s  contamihated by a e r i a l  f a l l o u t  was ten - fo ld  
w h i l e  a hundred-fold v a r i a t i o n  was observed among the s t r i p s  t h a t  were 
handled. No microorganisms were recovered from two o f  the  con t ro l  s t r i p s  
even though they were assayed w i t h i n  a shor t  per iod  a f t e r  handling. 
storage, no m ic rob ia l  recovery was obt ned f o r  many o f  t he  s t r i p s  assayed. 
The frequency o f  t h i s  occurrence i s  a l s o  g iven i n  Table I. 
A f t e r  
2 
Approximately the  same i n i t i a l  leve l  o f  contamination was obtained 
by both handl ing and aer ia l '  f a l l o u t ,  but t he  su rv i va l  a f t e r  s to rage was 
markedly d i f f e r e n t .  A f t e r  two weeks storage, the  co 
from handl ing was reduced 94% w h i l e  the  reduct  
l eve l  from a e r i a l  f a l l o u t  was on ly  ab 7% o f  the  v i a b l e  
organisms i n i t i a l l y  v ived  2+ years 
were s t e r i l e  a f t e r  f o u r  s t r i p s  were not  
s t e r i l e  i nd i ca te  t h  handl ing would not  necr 
e s s a r i l y  be s t e r i l e  
rage. Twenty-si nated by hand1 i ng 
No attempt was made t o  i d e n t i f y  any o f  t he  microorganisms recovered. 
However, s ince  the  contamination l e v e l  decreased r a p i d l y  on t h e  s tee l  t h a t  
was handled, t he  popu la t ion  probably was mainly non-sporeforming bac ter ia ,  
Favero, e t  a l .  ( 5 )  i d e h t i f i e d  the  microorganisms from handl ing s tee l  s t r i p s  
t o  be mainly non-sporeformers.- They reported an 80% reduct ion on handled 
s tee l  s t r i p s  a f t e r  two weeks storage a t  a f a i r l y  constant temperature 
and r e l a t i v e  humidity. The r e s u l t s  given here a l s o  show the  same magni- 
tude o f  reduc t ion  a f t e r  two weeks storage even though there was a f l u c -  
t u a t i o n  i n  temperature and r e l a t i v e  humid i ty .  During contamination and 
subsequent storage, t he  s tee l  s t r i p s  were subjected t o  seasonal env i ron-  
mental changes i n  temperature (60 t o  90 F) and r e l a t i v e  humid i ty  (20 t o  
80"/,), The e f f e c t  o f  ambient temperature and r e l a t i v e  humid i ty  upon the  
su rv i va l  o f  a hetergenous popu la t ion  on a sur face contaminated by handl ing 
o r  a e r i a l  f a l l o u t  would not necessar i ly  be t o o  meaningful because the  type 
and/or the  number o f  microorganisms composing the  hetergeneous popu la t ion  
would d i f f e r  g r e a t l y  from one l o c a t i o n  t o  another and from one t ime t o  the  
next. Furthermore, t he  p r o t e c t i o n  af forded t o  microorganisms by o i l s  o r  
othet- ma te r ia l s  from the  hdnds, dust, etc., w i l l  vary  tremendously w i t h  
people and t ime and thus would not be too  meaningful.  
The r e s u l t s  i nd i ca te  t h a t  'the apparent p la teau i s  not  a t r u e  p la teau 
of numbers o f  v i a b l e  organisms accumulated on surfaces as i t  appeared t o  
be i n  the samples exposed t o  a e r i a l  f a l l o u t  f o r  several weeks up t o  a 
year. There must be a gradual increase i n  v i a b l e  count over a much longer 
t ime due t o  the accumulation o f  hardy sporeformers, But even they have a 
death r a t e  so a t  sometime a t r u e  p la teau must be reached. The reason f o r  
an apparent p la teau occu r r i ng  w i t h i n  a few weeks i s  t h a t  microorganisms 
accumulate q u i t e  r e a d i l y  on exposed surfaces but  a great percentage o f  
these are c e l l s  t h a t  d i e  rap id l y .  Wi th in  a shor t  t ime the  d i e - o f f  r a t e  
approaches the  c o l l e c t i o n  r a t e  but  even so a gradual upward t rend w i l l  
continue due to the accumulation o f  slow dyin 
gradual trend that is hidden 6y the great var n numbers of organisms 
that accumulate concurrently on surfaws even one another. Previous 
studies in this laboratory showed this variation to be almost a 100-fold. 
is a 
In this study, after 23 yea $torage a I$-fold ase in population 
occurred Qn steel initially contaminated by aeri 
all o f  the population died on steel contaminate 
indicate that the "die-off" of naturally accumulated microorganisms on 
surfaces is insufficient to produce a sterile spacecraft in a reasonable 
time by merely covering the cwistructed craft with a shroud and allowing 
it tQ stand. 
This study also showed that there was an initial rapid death rate 
o f  microorganisms on surfaces contaminated by aerial fallout or handling, 
which was followed by a very slow death rate of the remaining few. 
latter rate was so slow it was not obvious over a one year period but 
was in 2+ years. 
The - 
4 
w 
a, 
0 
m 
I- 
- 
c 
W r 
m 
a , u  a 
Z v ) L  .- a, - r >  
m m o  
u m u  
O L a ,  
I-OCL 
5 EX 
0 0 0  
\2, 
m - - \ o  % % L n  
0 
M 
u) 
c 
4- 
N 
4- 
N 
N 
M 
c 
a3 m 
N 
N 
N 
\I) 
N 
N 
Ln 
v) 
c 
0 
v) 
I 
a, 
Q 
a, > 
u- 
.h a 
a 
a, 
.- 
- 
-2 m 
I: 
v) 
a, 
n 
c 
5 
v) 
P 
P 
a 
m u 
v) 
0 .- 
w 
m 
c .- 
E 
a, 
w 
a, 
U 
0 
M 
c 
0 
5 
Ref e rences 
I .  Pro tec t i on  Branch Report o f  Test Ne. 1-64  M ic rob ia l  Contamination 
Obtained on Surfaces Exposed te,  Room A i r  o r  Touched by the Human 
Hands. Physical  Defense Div is ion,  F t .  Detr ick,  Maryland, Ju l y  1963. 
2. P ro tec t i on  Branch Report o f  Te No. 11-65: The Level of Mic rob ia l  
Contamination i n  a Clean Room r i n g  a One Year Period. Physical 
Defense Div is ion,  F t .  Detr ick ,  Maryland, December 1964. 
3. Favero, M.S., J.B. Pules, J.B. Marshal l  and G.S. Oxborrow. 
Comparative Levels and Types o f  M ic rob ia l  Contamination Detected i n  
I n d u s t r i a l  Clean Rooms. Report No. 9 NASA Contract  R-137  US 
Pub l ic  Heal th  Service. Communicable Disease Center, Phoenix, Arizona 
December 1 965- 
Michaelson, G.S., 0.R. Ruschmeyer and D. Vesley, The Bacter io logy o f  
Clean Rooms. F i n a l  Report, NASA Contract  NSG-643, School o f  Pub l i c  
Health, Un ive rs i t y  o f  Minnesota, Minn. Ju l y  1966. 
A 
4. 
5. Favero, M.S.; J.R. Puleo, H.H. Marshal l  and G.S. Oxborrow. 
Comparative Levels and Surv iva l  o f  N a t u r a l l y  Occurr ing Microorganisms 
Deposited on Surfaces Through Handl ing and A e r i a l  F a l l o u t .  Report No. 
8, NASA Contract  R-137, U . S .  Pub l i c  Heal th  Service. Communicable 
Disease Center, Phoenix, Arizona, August 1965. 
6 
